The power of proteomics allows unparalleled opportunity to query the molecular mechanisms of a malignant cell and the tumor microenvironment in patients with ovarian cancer and other solid tumors. This information has given us insight into the perturbations of signaling pathways within tumor cells and has aided the discovery of new drug targets for the tumor and possible prognostic indicators of outcome and disease response to therapy. Proteomics analysis of serum and ascites has also given us sources with which to discover possible early markers for the presence of new disease and for the progression of established cancer throughout the course of treatment. Unfortunately, this wealth of information has yielded little to date in changing the clinical care of these patients from a diagnostic, prognostic, or treatment perspective. The rational examination and translation of proteomics data in the context of past clinical trials and the design of future clinical trials must occur before we can march forward into the future of personalized medicine.
Introduction
Epithelial ovarian cancer is the second leading gynecologic malignancy in the United States and remains the leading cause of death from gynecologic malignancies and fifth leading cause of death among all cancers in women. Approximately 20,000 new cases of ovarian cancer are expected to be diagnosed in 2010 with approximately 15,000 deaths from the disease [1] . The age-adjusted incidence has been decreasing slightly over the last 35 years but remains at 10-15 cases per 100,000 women with a mean age at diagnosis in the sixth decade (SEER database, accessed 8/2009 ). The majority of women present initially with advanced stage disease (Stage III/IV) for which cure is rare, with the 5-year median survival approximately 40% for stage III and less than 20% for stage IV [2] . Early cooperative group trials showed that treatment of stage I disease can be limited to surgical management for well differentiated carcinoma while poorly differentiated and locally more advanced tumors do benefit from systemic or localized chemotherapy [3] . Women diagnosed with advanced stage disease are managed with a combination of cytoreductive surgery followed by intravenous or, in selected patients, intraperitoneal platinum-based chemotherapy [4, 5] . Unfortunately, less than 40% of all patients are cured with the current available regimens [1] . The -omics revolution, proteomics, genomics, lipomics, and the various subsidiaries of each, has ushered in a new era that promises to aid in the early diagnosis, guidance of treatment modalities, and monitoring of response in treated patients, all tools that have been lacking thus far in ovarian cancer.
The application of proteomics technologies has pushed the boundaries of diagnosis and personalized medicine [6] . Fundamentally, cancer is a genetic defect that drives abnormal cellular proliferation. The genetic defect is transcribed and translated into proteins, the pawns that drive this abnormal phenotype [7] . Capturing and mining the information change in the proteome of the tumor cells and those cells in the local environment using advancing proteomics technologies can yield information that can be applied to develop early diagnosis, treatment, and patient monitoring decision trees.
Proteomics techniques can be applied in two general areas: the screening of tissue or fluid for indicators of the presence of disease and the characterization of known malignant samples. Traditionally, mass spectroscopy (MS) based techniques have been used to screen for diagnostic circulating biomarkers. This technique has used various front-end interfaces including liquid chromatography (LC), surface enhanced laser desorption and ionization (SELDI), and matrix-assisted laser desorption and ionization (MALDI) to screen serum, urine, and ascites for possible markers of early ovarian cancer or recurrence of disease [8] [9] [10] . More recent work has analyzed CSF for the presence of unique markers for glioblastoma and stool samples for the presence of colon cancer markers [11, 12] . Tumor samples have been analyzed by traditional MS techniques as well, but more recent analysis has focused on reverse phase protein arrays (RPPA). RPPAs examine serially diluted protein lysate samples in an array format and analyze with standardized specific antibodies. Serial samples can then be compared for response to treatment or, in the case of clinical trials, target validation and inhibition [13] .
Due to the high relative mortality of ovarian cancer patients, effective screening for early stage disease could increase the detection of treatable early disease relative to late stage cancers. Unfortunately, diagnosis is all too often delayed due the lack of specific clinical symptoms in early stage disease [14] . Patients with a strong family history of ovarian or breast cancer (e.g. BRCA mutation carriers) or cancer syndromes with an ovarian component (e.g. Lynch syndrome) have an increased risk, but not all will develop ovarian cancer, which suggests a role for genetic and environmental interactions. Epidemiological studies have demonstrated the possible influence of age, racial, gynecological, geographical and hormonal factors [15, 16] . Environmental factors including diet, cigarette smoking and obesity may also be important but there is still debate [17] [18] [19] . Proteomics analysis of serum or tissue samples may fill the niche of a highly sensitive technique that is able to aid in the diagnosis of early stage disease in high risk populations or in screening the general population.
Many have suggested that each patient's cancer may have derived from a unique subset of pathogenic molecular mutations within the spectrum of generalized mutations common to solid tumors [6] . These modulations result in changes in protein amount or function and may affect the flow of information that occurs within a cell and its microenvironment. This has been shown to deregulate the normal cellular phenotype. Since each patient may present a unique fingerprint within a known cancer subtype, one would expect differing responses to standard therapy. The workflow associated with the use of clinical proteomics in the guidance of targeted therapies and monitoring requires the input of multiple clinical practitioners and laboratories across many disciplines. The promise of this new emerging paradigm is to tailor therapy to a particular patients disease and perhaps reap beneficial results by guiding the use of selected targeted therapies throughout the course of treatment for a particular patient (Figure 1 ).
There are three main limitations to this new paradigm. First, we need to know what targets to look for in a given patient using an assay that is readily accessible. Second, we need to have targeted therapies that are safe, effective, and show correlation to the markers studied for which they were developed. Third, we have to have rationally designed clinical trials that connect biomarkers with the targeted agent. In breast cancer, we currently test for hormone receptor and HER2 status to guide treatment with anti-hormonal therapy or HER2 targeted agents as well as to provide prognostic information to the patient. In colon cancer, K-ras mutation status helps define possible therapeutic decisions due to a lack of response to EGFR targeted therapies in patients with the mutation. It is not unreasonable to think that perhaps similar markers for the presence or prognosis of disease, or proteins that can be targeted can be found in ovarian cancer through the applied use of proteomics technologies.
Ovarian Cancer Screening and Diagnosis
Screening techniques must meet certain characteristics to be considered useful. Ideally, the biomarker must be readily measurable in an easily accessible specimen (body fluid, serum, urine). It has been estimated that a diagnostic test for ovarian cancer must also be highly specific (>99%) and reasonably sensitive with a suggested minimum positive predictive value (PPV) of 10% to first ensure no harm by limiting the number of surgeries necessary per case of ovarian cancer diagnosed [20, 21] . As has been demonstrated for other types of more prevalent cancer, including lung and prostate, a high PPV does not necessarily translate into mortality-associated benefits and prospective trials must be performed for validation of any new predictive marker.
CA125, approved in the Unites States only for monitoring response to therapy and suggestion of recurrence, is the most extensively studied predictive marker for ovarian cancer. Unfortunately, CA125 is only elevated in about 50-60% of early stage ovarian cancer at diagnosis and can be elevated in many other malignant or benign conditions [22] , which limits its usefulness as an early screening tool when used alone. HE4 was discovered by comparative screening of cDNA arrays from normal ovarian epithelium and ovarian cancer tissue [23] . HE4 has a higher sensitivity for early stage disease than CA125, and the combination may be more sensitive and specific than either marker alone, but it still does not reach the level necessary to advance as a screening diagnostic biomarker [24, 25] . HE4 has been approved recently, like CA125, as a recurrence monitoring biomarker. Studies of these markers were limited to selected patient populations of women with pelvic masses and in both high-and low-risk patient populations still showed less than ideal specificity and sensitivity (~75% and 74-90% respectively).
Visintin et al. proposed a six marker panel (leptin, prolactin, OPN, IGF-II, MIF, CA125) that originally was reported to have a sensitivity of 95%, specificity of >99% and a PPV of >99% [26] . Reanalysis yielded a PPV of 6.5%, which would still lead to about 15 unnecessary surgeries for each patient with ovarian cancer [27] . A recently reported major study that is still maturing (UKCTOCS) is comparing no screening to transvaginal ultrasound with or without CA125 [28] . About 200,000 post-menopausal women were assigned in a 2:1:1 fashion with 58 invasive ovarian cancers detected in the screening arms to date, 24 of which were Stage I (41%). This is a higher percentage of early stage tumors compared to reported historical controls. The number of surgeries per cancer detected was 2.9, which would be acceptable. Maturation of this study is awaited to determine if there is a mortality benefit in these populations or if either test in combination with pelvic ultrasonography can be applied to the general population. This is especially important in light of the ongoing controversy over whether many serous ovarian cancers originate in the ovarian epithelium or in the distal fallopian tube, which may be a potential stumbling block for traditional imaging-based technologies [29] [30] [31] .
Proteomics technology has increased the diagnostic sensitivity of screening samples for putative tumor markers. The use of MS can allow visualization of a snapshot of the serum proteome and may allow the early detection of circulating tumor markers long before the presentation of clinical symptoms. Problems from a technical standpoint include the concentration range of proteins within the plasma proteome, where likely significant markers for early detection may exist at concentrations 10 6 -10 9 below those of abundant plasma proteins [32, 33] . There have been many attempts to deplete the plasma proteome of abundant proteins, but this may also deplete the concentration of desirable markers given the likelihood that a fraction of potential biomarkers may also be bound to abundant serum proteins like albumin [33, 34] . Early work by Petricoin et al. demonstrated that the serum MS protein signature derived from ovarian cancer and healthy patients predicted the presence of ovarian cancer in a blinded test group with 100% sensitivity and 95% specificity [35] . While this particular report has been controversial, it has stimulated significant discussion and brought many other investigators into the fray to help advance the concept towards early detection. More recently, others have obtained similar results using various MS based methodologies for multiplexed screening of healthy vs. cancer serum [36] [37] [38] [39] as well classification information on specific ovarian cancer sub-types [40] . Many of the studies present sensitivity and specificity values that exceed published results for traditional ELISA or imaging-based assays. One of the pitfalls of all of these studies has been the lack of similarity between the general population and the validation data set, making specific claims about statistical importance of the data difficult. Unfortunately, no prospective clinical trials have yet been published that report the predictive value of any of these modalities in ovarian cancer patients.
A large Gynecologic Oncology Group trial, GOG-220, was designed to generate and then validate a proteomic signature pattern that can diagnose ovarian carcinoma on the background of patients presenting with a pelvic mass. Serum samples have been collected from over 2000 women undergoing surgical intervention for an undiagnosed pelvic mass. The objectives are to create protein pattern signatures that differentiate malignant ovarian disease from benign or non-ovarian malignancy in presurgical specimens using mass spectrometry. This trial was designed to yield independent discovery and validation cohorts and was prospectively powered to give a 96% specificity and sensitivity in the validation stage. Secondary objectives include differential analysis of early-versus late-stage disease and histotypes, post-operative residual disease, and prognostic outcome. We await these experimental results.
Another recent pathway has been the evaluation of ascites for hallmarks of ovarian cancer [41] . Ascites may be considered a surrogate representative of the tumor microenvironment in ovarian cancer and may contain tumor cells, secreted growth factors and tumor or vascular derived exosomes. A recent report published the first comprehensive ascites proteome in advanced ovarian cancer [42] . This study focused on ascites from a small number of Stage III/IV ovarian cancer patients and was able to use an integrated approach that combined the identification power of multidimensional protein identification techniques (MudPIT) technology with the high throughput capabilities of LC-MS, known urine and plasma proteomes and gene expression array data from multiple ovarian cancer cell lines. They report a list of 80 candidate markers, 18 of which had previously been reported in the serum or urine proteome and were then mapped against microarray data for multiple ovarian cancer cell lines [42] . Further studies will need to validate these biomarkers prospectively with high throughput screening assays on large populations.
The large number and variability of the candidates identified in MS based proteome-wide screening coming from a limited number of samples has many inherent biases. These include high false positive rates, high frequency of identification of nonspecific acute phase reactants, and a dataset complexity making it unlikely that data mining would repetitively yield the same outcome. Further, patient and tumor heterogeneity can yield insufficient true signal to be identified against the complex background. Some investigators have traversed these issues by taking only those peaks that "survive" across multiple patient samples, use enrichment techniques creating different bias, or subtraction techniques to remove abundant protein/peptides that are more likely to be physiologic or acute phase, leaving the low abundance signals.
With the relative scarcity of patient samples for analysis (in relation to the total number of patients with the disease), this leads to a backlog of potential markers that need to be validated. A concerted effort needs to be made to bank ovarian cancer tissue from a large number of patients beyond the current large but limited banks available to help both with increasing the pool size for the discovery phase but also the available samples for validation data sets.
Proteomics and Treatment Decisions
Another application of proteomics technologies is the guidance of choices for clinical care in newly diagnosed patients and the continued monitoring of these patients during their treatment and in subsequent follow-up visits. In other types of cancer, analysis of the tumor proteome and gene expression profile has led to the use of targeted therapies with definite clinical benefit. A study in patients with non-small cell lung cancer (NSCLC) demonstrated an important stepping-stone in proteomics research: the ability to risk-stratify patients based on a proteomic pattern. Yanagisawa et al. showed not only that their training set-derived multiplex pattern could accurately diagnose and classify their validation set, it also demonstrated a proteomic pattern that could predict survival with current best care practices [43] . Current clinical trials are underway in analyzing whether using proteomics data to make clinical decisions is beneficial in NSCLC patients at multiple institutions [44] . In breast cancer, routine screening of tumor samples for hormone receptor status and HER2/ neu status as well as newer genomic technologies such as the Oncotype-DX and Mammaprint have aided in decisions regarding both targeted and traditional cytotoxic chemotherapy [45] . It is not unreasonable to think that similar technologies may aid in the treatment decisions relating to ovarian cancer.
The three main limitations to this new paradigm of patient-selected treatment, the targets, the therapies, and rationally designed clinical trials, apply here as well. However, a fourth limitation must also be considered, that modulation of the target is causative to the clinical response to the agent. Important to the first two limitations is a validated and reliable assay that can be applied to a readily attainable specimen. When targeted therapies first became available with the introduction of EGFR tyrosine kinase inhibitors, there was much hope for ovarian cancer patients. EGFR has been shown to be over-expressed in multiple ovarian cancer cell lines and primary tumor samples, and the disregulation of the EGFR signaling pathway has been shown to contribute to the progression of ovarian cancer [46] . Another recent large study used MudPIT analysis to examine the proteomic profile of six ovarian cancer cell lines and revealed many proteins that had not been previously described by gene microarray analysis [47] . These proteins were correlated with an in vitro invasive phenotype and many of the up-regulated proteins were associated with extra-cellular matrix (ECM)-modifying enzymes and their families and signaling partners. Di Michele et al. demonstrated a differential expression profile in cell lines that were sensitive or resistant to paclitaxel therapy [48] . This observation may be important now that there are agents available targeted to proteins involved in modulation of the ECM. Others have shown a time-dependent change in proteomic profiles of IGROV1 cells in response to cisplatin treatment, as well as a differential proteomic profile between sensitive and resistant IGROV1 cell lines [49, 50] .
The validity of two-dimensional cell cultures being representative of three-dimensional tumors has been questioned. Grun et al. found measurable differences in proteomic profiles of traditional two-dimensional cultures and the same cell lines grown in a three-dimensional cell culture system [51] . An integrated analysis of primary tumor tissue, including proteomics and genomic array data by Pan et al., revealed a set of proteins that may help define chemotherapy response [52] . A major limitation of this study is the use of only two patient samples: one who immediately progressed through frontline chemotherapy and one who remained stable for 23 months after primary therapy. All of these studies demonstrate possible markers that can be used to guide treatment decisions if active therapies are available and if prospective trials continue to confirm the preclinical results. Other proteomic studies have demonstrated the activation of specific pathways in ovarian cancer cell lines [47, 53] or tumor specimens [54, 55] through detection of phosphorylated intermediates or downstream markers.
Of the second issue regarding integrating proteomics into clinical practice, we have an unfortunate dearth of clinically active targeted therapies. Some studies have sought to assign molecular signatures of sensitive and resistant cell lines and tumor samples to traditional cytotoxic chemotherapy [48] [49] [50] 52] . While this process may identify a subset of patients likely to respond to traditional cisplatin or paclitaxel-based therapy, it does not address what treatments are suitable for the remainder of the patient population. Many single agent targeted therapies have been tried for ovarian cancer including agents targeted at angiogenesis, platelet derived growth factor receptor (PDGFR), EGFR, phosphoinositide-3-kinase pathway (PI3K), and Ras/MEK/ERK pathway with varying levels of success (for a recent review on targeted therapies see ref [56] ). Many of the studies involving targeted therapies did not involve screening or stratification of patients, to look for particular mutations or pathway activation. This might have missed the benefit of the agent by limiting enrichment for expression of the target but may allow determination of on-vs. off-target activity and address the question of the role of the target in clinical behavior. Even in studies where pathways were dissected, target inhibition did not necessarily correlate with treatment success [54, 55] . Reasons for treatment failure may be non-selected patient populations or that inhibition of a single node is not sufficient to block the signaling network. Some promising studies combined targeted therapies, resulting in enhancement of both toxicity and clinical response. Proteomic analysis of these tumor samples is ongoing [57] .
How can proteomics guide us further and predict patient responses to specific therapies? Some tumors are known to demonstrate oncogene addiction to a particular mutation or disregulation within the cell. Most notably, this is true with the BCR-ABL fusion protein and chronic myelogenous leukemia (CML). Considerable treatment success has been observed with the tyrosine kinase inhibitor imatinib inhibiting the ABL tyrosine kinase, PDGFR, and c-kit [58] . Signaling networks are organized into distinct modules and the existence of interchangeable and redundant modules helps lead to complexity in signaling pathways that may overcome the inhibition of single selected targets. This points to the need for multiple targeted therapies in a given patient. Fortunately, there are many inhibitors to kinases and accessory proteins within these modules that are well on their way through clinical trials. New assays that query which of these modules are activated may help guide us to a more effective personalized therapy.
The three main limitations to this new paradigm of patient-selected treatment, the targets, the therapies, and targeted therapy clinical trials have presented clinical investigators and bench researchers with treatment decision challenges. Targets have been associated and validated in a subset of carcinomas, with few validated in ovarian cancer. More trials with well designed and executed translational endpoints to evaluate putative protein biomarkers/ endpoints are needed. The value of these endpoints in a trial without clinical benefit may still be present as a mechanism with which to dissect the failure of response. Most prospective clinical trials of targeted agents in ovarian cancer to date have had limited benefit, including when there is evident modulation of the therapeutic target [54, 55, 57] . The first step in expanding our ability to benefit from targeted therapies is the design of trials with proteomic entry and endpoints that will help to understand response, target modulation and effect of combination therapies in ovarian cancer patients.
Proteomics and Clinical Trials
Identifying which patients will benefit from targeted therapy remains a crucial problem for ovarian cancer and other solid tumors. In ovarian cancer, patients who are considered platinum resistant or refractory are often offered single agent cytotoxic chemotherapy with a small but measurable benefit. This patient population, for whom there is little hope of prolonged clinical response, should be the focus of clinical trials investigating targeted therapies. A logical first step in this process should be the proteomic analysis of archived tissue samples from previous clinical trials and samples obtained from ongoing trials. We and others have looked at tumor samples and ascites from treated patients enrolled in clinical trials, but at this time little correlation has been demonstrated between target inhibition and clinical response [39, 41, 54, 55] . Others have also demonstrated unique signatures from ovarian cancer cell lines that may be beneficial in monitoring response to front line therapies [48] [49] [50] . A complete list of active clinical trials with proteomic endpoints as the primary objective for the trial is given in Table 1 .
The next step in the process of developing targeted therapies benefiting selected populations is the evaluation of protein function in a tissue specific context. Genetic aberrations in malignant cells result in alterations of protein expression and function that drive cancer development and progression. Recent identification of these driving forces has allowed cancer therapy to target pathways critical to cell survival. Germline mutations of BRCA 1 and BRCA 2 have been strongly associated with the development of breast, ovarian, and other cancers [59] . Deleterious mutations result in loss of function of BRCA 1 or BRCA 2 which are critically involved in the homologous recombination pathway of double-stranded DNA damage repair [60] . A somewhat paradoxical approach to targeting this pathway is to further impair the ability of a cell to repair single-stranded DNA damage forcing cells to undergo apoptosis. Poly-(ADP-ribose) polymerase (PARP) is a nuclear enzyme that signals single-stranded DNA damage and plays a critical role in base excision repair (BER) pathway [61] . Preclinical data demonstrate that selective sensitivity of BRCA mutation associated cancer cells and cells with defects in other repair pathways such as mismatch repair pathways and microsatellite instability, may also be susceptible to PARP inhibition [62, 63] . Genomic profiling of tumor samples from familial and sporadic BRCA 1 and BRCA 2 mutation carriers as well as non-BRCA associated tumors revealed significant similarities in genomic alterations between the BRCA groups and a subset of non-BRCA mutation carriers [64] . This implies, at a genomic level, there may be other groups of patients that benefit from PARP inhibition.
These results have led for a call for the development of assays for functionality of these repair pathways which can reliably predict those patients who would most likely benefit from the administration of drugs that can inhibit PARP [65] . Recent work by Pirnia et al. looked at the combination of ex-vivo culturing of normal colon and colon cancer tissue from selected patients coupled with RPPA analysis [66] and demonstrated differential expression of PARP and cleaved PARP. Future clinical trials assessing proteomics data from patient samples should move beyond assessment of simple expression and would take into consideration the genetic, epigenetic, and proteomic derangements that drive cancer progression. Successful targeting of these derangements may result in paradigm shifting treatment options for those afflicted by cancer.
Angiogenesis is crucial for tumors to grow beyond a certain size. Single agent antiangiogenic therapy with bevacizumab or combined therapy with cytotoxic agents has shown early promise [67] [68] [69] with response rates in the 20% range even for platinum-resistant patients and with progression-free survival of about 4 months for single agents and 7 months for combined therapy. While there have been many studies implicating VEGFA concentrations being associated with extent of disease, time to progression, and overall survival after therapy with bevacizumab [70] , none have addressed the role of patient selection in the trials process. Could a phosphoproteomics pattern emerge that might better select patients who would respond to anti-angiogenic therapy while excluding patients unlikely to benefit and only receive the much higher than expected risk of GI perforation? This is a critical area for further investigation. Genomic analysis of patients treated with bevacizumab and continuous low dose cyclophosphamide demonstrated that a polymorphism within the IL8 gene may predict response to bevacizumab while polymorphisms within the CXCR2 gene and VEGF gene may be predictive of progressionfree survival [71] . Targeting angiogenesis with multiple inhibitors also demonstrated early benefit in a phase I trial of bevacizumab with sorafenib [57] , albeit at the cost of enhanced toxicity. Forty-six percent of patients with ovarian cancer attained a partial response (compared to 16-21% with single agent bevacizumab [67, 68] ). A phase II trial of this combination therapy in relapsed or refractory ovarian cancer is now underway with proteomics studies integrated as a secondary outcome into the trial. A similar trial combined bevacizumab with the EGFR targeted agent erlotinib [72] . This study was terminated secondary to increased incidence of fatal bowel perforations (2/13 patients) and a response rate of ~15%. While proteomic analysis from this study has not been performed, previous studies have demonstrated that inhibition of the EGFR axis was not sufficient to produce a clinically meaningful response [54, 55] .
Conclusions and Future Directions
Potential roles for proteomics in the clinical management of ovarian cancer include biomarker discovery and validation, molecular target discovery, therapy decisions, and patient monitoring. Each of these areas presents unique challenges. The discovery of new biomarkers that assist in the screening of at risk populations must take into account the rarity of the disease, as well as the potential complications associated with invasive diagnostic procedures. To date, no reliable screening tests have been confirmed, although CA125 has been used to monitor response to treatment and possible relapse. New data may indicate that relying solely on CA125 concentration in recurrence monitoring may not change overall survival and may expose women to potentially harmful therapies long before their disease would become clinically significant [73] . The application of proteomics technologies to serum, ascites or urine samples has yielded some intriguing preclinical data, but prospective trials have not been undertaken or have not confirmed pre-clinical data. The field of ovarian cancer screening, even in preselected high-risk populations, remains an open field for development.
Proteomics technologies will not only be important in determining which targets and biomarkers should be applied for screening and followed, but will also help in making treatment decisions. Proteomics analysis will allow the testing of global or targeted signaling networks to determine the on-target efficacy of combination therapies that inhibit signaling pathways in series or in parallel. These results can then be correlated with clinical outcome to help drive the design of future studies. Figure 1 shows a general outline for integrating proteomics into clinical management. Each time a clinical specimen is obtained from a patient, the investigator has a unique opportunity to ask important questions about the tumor or body fluid proteome. These results may not only guide initial therapy, they can offer insight into the molecular perturbations caused by specific therapies. If a patient's cancer were to recur, further proteomic analysis could determine whether similar treatments might still be effective, or it may warrant a change to a new therapeutic option. From the initial screening to treatment decisions through recurrence and monitoring, proteomics will play an important role. Each tissue sample obtained allows for the measurement of information contained within the proteome that may be used to guide therapeutic decisions. Proteomic arrays are currently limited by the need to develop readily accessible assays for diagnostic and treatable targets. Patient-tailored therapy is limited by the need for targeted therapies that are safe, effective, show correlation to diagnostic biomarkers and have been validated in prospective clinical trials. Additionally, we need to develop rationally designed clinical trials that connect biomarkers to targeted agents. 
